ABSTRACT
INTRODUCTION
Surveying is "…the science and art of making all essential measurements to determine the relative position of points and/or physical and cultural details above, on, or beneath the surface of the Earth, and to depict them in a usable form, or to establish the position of points and/or details…" (American Congress on Surveying and Mapping -ACSM).
Teaching construction surveying presents many challenges such as limited students' access to instruments, limited availability of terrains on which to practice, dependence on weather conditions, need for one to one training, difficulty in assessing the individual student's performance with accuracy, and more. Recently, several researchers have recognized the potential of interactive visualizations for enhancing students' learning of surveying concepts and practices. However, no study reported in the literature has investigated which specific aspects of visualizations are most effective for learning surveying. Although visualizations can have fundamentally different structural features, serve diverse functions and convey different content for different target audiences, in educational research, they are often treated as a single, uniform entity and, as a result, "..reviews on learning with visualizations are equivocal, with studies showing widely varying effects (negative to positive) on learning." (Scheiter et al., 2009) .
In the context of surveying education, all visualizations described in the literature present a high degree of realism. However, it is not known yet whether a realistic visualization that represents objects and processes with high fidelity is more effective at facilitating learning of surveying practices than a schematic visualization that illustrates the same objects and processes with diagrams and line drawings. The study reported in the paper fills this knowledge gap by answering the question of whether the amount of realistic detail of interactive visualizations has an effect on undergraduate students' procedural learning of chaining. The findings of the study reported in the paper are important as they can help educational researchers and visualization designers decide if they should take on the substantial cost and time-consuming effort to develop a highly realistic visualization (such as a photorealistic virtual learning environment) when simple line drawings or diagrams might be as or more effective for those particular learning objectives and target users.
The paper is organized as follows: in section 2 we review existing visualization taxonomies, discuss prior experiments that compared realistic versus schematic visualizations, and present a review of recently developed visualizations for surveying education. In section 3 we describe the study and in section 4 we discuss the findings and outline future work.
BACKGROUND

Classification of Visualizations
In this paper, we use the definition of Scheiter and colleagues, who characterized visualizations as "external representations that are intended to communicate information by using a visuo-spatial layout of this information and that are processed in the visual sensory system" (Scheiter et al., 2008, p. 3) . Visualizations range from simple diagrams and black and white line drawings, to complex animations, multimedia and virtual reality. Various classifications of visualizations have been proposed. Some taxonomies focus on the structural features of the visualizations (e.g. form and physical aspects that can be observed objectively), some are based on their functional features (e.g. use and purpose) and a few take into consideration also content features. Examples of functional classifications include the ones by Macdonald Ross (1973) who suggested how numbers should be shown based on task criteria and purpose of communication, and Tufte (1983) . Structural classifications include the one by Rankin (1990) who proposed structural categories of graphs, and the one by Lohse et al. (1994) who classified visualizations based on subjects' ratings of the visual similarity between graphical representations. Lohse and colleagues identified 6 basic categories of visual representations (e.g. graphs, tables, maps, diagrams, network and icons) and proposed two dimensions that further distinguish these categories. One dimension suggested that a graphical representation can express either continuous or discrete information; while the second dimension suggested that some visualizations are more efficient than others for conveying information. Imhof et al. (2009) proposed a classification system covering the structural features, the functions, and the depicted contents of visualizations. Their taxonomy is based on seven structural dimensions, five functional features and seven content features. The seven structural dimensions are semiotic code, production technique, degree of dynamism, form of interactivity, combination with text and/or audio, amount of realistic detail, and presence of additional cues like arrows or highlights. The functional features include the affective functions, the attention-guiding functions, the (text-/picture-) supplementation functions, the working memory supporting functions, and the long-term memory supporting functions. The content features include genre (expository, narrative, or procedural), degree of realism (realistic versus fictional content), degree of identification, coherence, complexity, amount of detail of the depiction, and domain.
As previously mentioned, very few studies found in the literature focused on specific aspects of the visualizations and studied their effect on learning. The study reported in the paper was concerned with one specific structural feature of visualizations, e.g. amount of realistic detail, and investigated its effect on students' procedural knowledge of surveying practices.
Realistic versus Schematic Visualizations
Realism is the presentation of objects and processes as they actually are, without idealization or abstraction. In realistic visualizations, the similarity between real-world and represented objects is achieved by imitating the real-world referent with respect to color, shape, textures, spatial relationships, or movement (Scheiter et al., 2009) . One of the advantages of realistic visualizations (such as VR) is that objects can be constructed to have a higher level of fidelity with the objects they represent when compared with other kinds of visualizations, e.g. diagrams and line drawings. Schematic visualizations, on the other hand, may consist of static line drawings with little or no resemblance to the real-world objects as far as shape, color, texture, or motion (Scheiter et al., 2009) .
It is not clear yet what are the cognitive advantages of representing the world at higher levels of realism than at higher levels of abstraction and the few research studies that compared realistic and schematic visualizations have yielded conflicting results.
Those researchers who believe in the cognitive benefits of realistic visualizations argue that learning and training applications can benefit through having a greater fidelity with the represented world (e.g. Cover et al., 1993) . One suggestion is that the transfer of training to the real world could be more direct, and therefore with less errors.
Due to the high resemblance of the depicted objects with the real ones, realistic visualizations may facilitate their recognition and they might especially be helpful for learning, if the learning objective requires interacting with concrete objects in real-world settings (Betrancourt & Tversky, 2000) . Gonzales (1996) conducted a study that investigated the effects of image type, transitions, and interactivity styles used in animated interfaces in two decision-making domains. Interfaces used either realistic or abstract images. Results showed that subjects performed better with animated interfaces based on realistic rather than abstract images. Van Gendt and Verhagen (2001) explored the effect of level of realism of the visualization on students' performance on a visual test on the anatomy of a rat. The results showed that realistic pictures proved superior for recognizing anatomical features, whereas drawings yielded better results for understanding the relationship between anatomical structures. In an experiment by Goldstone and Sakamoto (2003) participants showed better understanding of the abstract principles underlying computer simulations of complex adaptive systems when the simulation included concrete rather than schematic graphical elements. However, for poor performers, the abstract version of the simulation transferred better to a new simula-tion governed by the same abstraction. Höffler and Leutner (2007) conducted a meta-analysis of 26 primary studies that compared dynamic and static visualizations with varying degree of realistic detail for acquiring different types of knowledge. Highly realistic animations proved superior to the schematic ones, especially when procedural-motor knowledge was to be acquired. Rieber et al. (2004) found that realistic simulations of Newtonian physics promote implicit learning, however this experience must be augmented with verbal explanations in order promote conceptual understanding.
Researchers who support the cognitive advantages of schematic representations have argued that simplified, relatively abstract representations are useful for extracting the essence of a situation (Gianutsos, 1994) . Realistic visualizations entail more irrelevant details and therefore might distract learners and take their attention away from the fundamental aspects (Dwyer, 1976) . By schematizing visualizations, key elements, which might be difficult to filter in reality, can be easily perceived by the viewers. Schematic visualizations may facilitate symbolic interpretations of represented objects (Goldstone & Son, 2005) and abstract reasoning (Schwartz, 1995) . Schwartz (1995; Schwartz & Black, 1996) conducted a study in which subjects were asked to determine whether marks on hinges and gears would come to contact if the mechanisms were put in motion. When the representation of the mechanisms was photorealistic, participants were able to simulate the physical behavior of the hinge through analog imagery (e.g. closing or rotating into position). In contrast, when the representation of the mechanisms was a diagram, subjects were able to extract the static features of the display such as line lengths and angles. Schwartz and Moore (1998) found that a proportional reasoning problem illustrated in a diagram benefitted mathematical reasoning more than when displayed in a photograph. Although these experiments do not provide scientific evidence of the benefits of abstract diagrams over more realistic representations, they suggest that an advantage of schematization might be that it promotes more abstract reasoning that is less influenced by physical constraints.
Dwyer and colleagues conducted a study in which students learned the anatomy of the human heart using static pictures and drawings that had different amounts of realistic detail (Dwyer, 1968) . Results showed that students who were exposed to the simple line drawings performed better in the drawing test which assessed learning of specific locations of the various patterns, structures, and positions of the parts of the heart, as well as on the total criteria test that measured the student's overall understanding of the concepts presented. In contrast, realistic photographs proved superior for the identification test, which measured transfer of learning, i.e., the ability to identify numbered parts on a diagram of the heart. Findings of a study by Arnold and Dwyer (1975) Scheiter et al. (2009) conducted an experiment in which students learned about cell mitosis watching either realistic or schematic dynamic visualizations; findings showed the superiority of the schematic visualizations.
In summary, there is no consensus on which type of visualization is more effective for learning. The results achieved by the studies conducted so far suggest that schematic visualizations tend to benefit more abstract reasoning based on a symbolic interpretation of the depicted object, while realistic visualizations tend to enhance more analogical problem solving skills. The studies also indicate that there is a strong interaction between the type of visualization and the learning objectives, as well as the type of visualization and the learner characteristics.
Surveying Education
Surveying is a fundamental course in the Civil Engineering, Building Construction Management, Geomatics, Geography, Agriculture & Forestry, and Landscape Architecture curricula. Surveying is a core course in the Civil Engineering, Building Construction Management, Geomatics, Geography, Agriculture and Forestry, and Landscape Architecture curricula. Traditionally, a surveying course includes three components: (1) the theoretical foundation of surveying, which includes math, trigonometry, geometry and physics concepts (often instructors teach fundamental concepts of surveying using examples from textbooks and illustrations on the chalkboard); (2) instructor demonstration of functionality and manipulation of real surveying instruments; and (3) student practice (in groups) with real instruments. This traditional way of teaching construction surveying presents several challenges.
First, many surveying instruments are required and the cost of purchasing and maintaining the instruments can be very high. Second, the effectiveness of the lesson can be influenced by the weather, location and time of day. Third, because many operations involve fine actions, the instructors often face the difficulty of clearly demonstrating each step to every student in the field (Dib et al., 2010) . Fourth, students who rely on distance learning or are enrolled in programs at smaller/satellite campuses (these smaller campuses usually cannot afford to buy the surveying equipment) are currently deprived of opportunities to practice with the instruments and have to make several trips to the main campus during the semester in order to learn best surveying practices or do without.
Computer graphics technologies can help overcome many of these challenges and several researchers argue that surveying education can be significantly improved with the use of interactive visualizations. Kuo et al. (2007) have recently developed a realistic virtual survey instrument (SimuSurvey) and studied the feasibility of introducing SimuSurvey in regular surveyor training courses. Results of the study indicated improved student ability to use the instruments and positive attitude toward including SimuSurvey in regular surveyor training courses. At Leeds Metropolitan University, UK, Ellis et al. (2006) have developed an undergraduate VR surveying application. The interactive software includes 360-degree panoramic realistic visualizations of sites and makes use of QuickTime VR technology. The application was evaluated with 192 undergraduate students; findings suggest that the interactive tool complements traditional learning approaches, maintains student interest, and reinforces understanding. At University of New Castle, UK, Mills and Barber (2008) have implemented a realistic virtual surveying field course that includes both a virtual fieldtrip and a virtual interactive traverse learning tool (VITLT). The goal of the tool is to improve understanding of surveying methods for first year students in the Geomatics degree. The application was evaluated by several Geomatics students; all subjects highlighted the potential of VITLT to help the learning and understanding of a traverse. However, the students did not see the e-learning tool as a replacement for a traverse observation as carried out on the field-course, but suggested that it could be used as a preparation and revision tool. At Purdue University, Dib and Adamo-Villani (2013) have developed a realistic interactive virtual environment whose objective is to help undergraduate students learn and review the concepts and practices of differential leveling. Results of a summative study with 48 undergraduate students showed that using the realistic VLE led to an increase in subjects' declarative knowledge by 28% and procedural knowledge by 30%. Compared to traditional practice in the field, using the VLE led to significantly higher declarative knowledge gains, whereas differences in procedural knowledge gains (e.g. the ability to perform the leveling exercise in the field) were not significant.
In the context of undergraduate surveying education, all visualizations described in the literature are realistic, and the studies report experiments that aimed to evaluate the overall educational efficacy or perceived usefulness of these realistic visualizations. To our knowledge, no study has attempted to identify which specific aspects of the visualizations are most beneficial in surveying education. In particular, no study has attempted to investigate whether the level of realism of the visualization makes a difference in students' learning of surveying practices. The experiment reported in the paper aims to fill this knowledge gap.
DESCRIPTION OF THE STUDY
The study aimed to answer the following research questions:
1. Does the type of visualization (schematic versus realistic) have an effect on undergraduate students' learning of surveying practices (specifically, 'chaining')? 2. Does the type of visualization (schematic versus realistic) have an effect on students' perceived helpfulness and willingness to use?
Learning is a multidimensional construct that includes cognitive, metacognitive, and motivational components (Mayer, 1998) . Our experimental study focused on the cognitive aspects, and specifically on procedural knowledge, e.g. the ability to apply acquired knowledge to perform a given task (know how) (Gagné, 1985) . In particular, the study aimed to assess whether the degree of realism of the visualization had an effect on the students' ability to correctly perform a chaining exercise in the field. We measured this learning goal using pre and post educational intervention competency testing. The testing instrument consisted of a lab practical to be performed in the field. The pre-test and post-test were identical.
We note that a prior study by the authors (Dib & Adamo-Villani, 2013 ) demonstrated the efficacy of interactive visualizations for learning surveying practices. It also showed that the visualizations were as effective as practice in the field. Thus, in this study we did not compare the visualizations with traditional field practice.
The study also aimed to assess whether the degree of realism of the visualization had an effect on students' perception of the benefit of using the visualization, and on their willingness to use the visualization again. We measured perceived helpfulness and willingness to use with an online questionnaire that included five 7-point Likert-scale rating questions.
Subjects
Sixty-two (62) undergraduate students enrolled in Building Construction Management at Purdue University.
Stimuli
The stimuli of the experiment included two interactive visualizations that illustrate the surveying practice of chaining. Chaining (or taping) is the measurement of the horizontal distance between two points. It requires the use of several instruments (e.g. steel tape, chaining pins, plumb bobs, hand level, tension handles, clamp handles, and lining rods) and is usually performed in six steps: lining in, applying tension, plumbing, marking tape lengths, reading tape, and recording the distance. The visualizations guide the students through these six steps and help them understand how to measure the distance between two given points on a horizontal plane, steep slope and rough terrain using the proper techniques and instruments. The two interactive visualizations have been programmed to allow for 1/16 th of an inch variation, that is, if the student sets up perfectly at the point of interest two times in a row, the plumb bob is within 1/16th of an inch from the previous location (this replicates real life settings where the plumb bob will be swinging and will always be at a very small distance from the point). If all the criteria are followed correctly, two consecutive measurements will vary within a 1/8th of an inch. Hence, in the visualizations, precision is reached if the same measurement or measurements within 1/8th of an inch or 1/100th of a foot are achieved multiple times. Accuracy is achieved by repeating multiple measurements, and therefore compensating for the random 1/8th of inch variation generated by the visualization.
The two visualizations have identical functional and content dimensions and differ only in one structural feature: amount of realistic detail. Figure 1 shows screenshots of the schematic visualization; Figure 2 shows the same screenshots extracted from the realistic visualization.
PROCEDURE
All students received a 30-minute lecture and a 30-minute lab demonstration on chaining. During lecture, students were introduced to basic chaining concepts, methods and definitions of terminology. In the lab, students were introduced to chaining equipment, were given a basic demonstration on how to operate the instruments, and were shown how to read the measurements accurately and record the data correctly. After the lecture and lab demo, the students were administered a pre-test. The pretest consisted of a lab practical, e.g., a chaining exercise to be performed in the field. Students
Figure 1. Screenshots extracted from the schematic visualization. Point selection (frame 1); plumb bob, hand level and tension meter setup (frame 2); reading tape (frame 3).
were assigned two points on the terrain outside the building and were asked to measure the horizontal distance between them. Several instructors observed the students performing the exercise and graded the exercise based on the following criteria: (1) selection of needed tools; (2) setup and operation of instruments; (3) precision of the measurements (adherence to correct procedures); (4) accuracy of the measurements (adherence to correct procedures); (5) recording of the measurements; and (6) calculation of random error.
After the pre-test, a randomized complete block design was used to divide the subjects into two groups with similar pre-knowledge. In other words, we used the pre-test scores to group individuals in terms of pre-knowledge and then made sure these groups of individuals were equally assigned to the two intervention groups, e.g. group A (realistic visualization), and group B (schematic visualization). Two weeks after the pre-test, group A worked in one of the labs using the realistic visualization; group B worked in a different lab using the schematic visualization. An instructor was present in each lab to address possible technical problems with the software. Participants interacted with the visualizations for a maximum of 45 minutes and then were asked to complete the online questionnaire. Both groups were tested for chaining competency after the two educational interventions; the post-test was the same as the pre-test. The differences in scores between the pre and post-test for group A and group B, as well as the answers to the online survey, were then analyzed and compared.
A video demonstration of the schematic visualization can be accessed at: http://hpcg. purdue.edu/idealab/VELS/ . A demo version of the realistic visualization can be accessed at: https://engineering.purdue.edu/IVM/Web%20 Player%20Ver.4/Web%20Player%20Ver.html.
FINDINGS
1. Does the type of visualization (schematic versus realistic) have an effect on undergraduate students' learning of surveying practices (specifically, 'chaining')?
Results of the pre and post-test show that subjects in group A increased their procedural knowledge of chaining by 40% after using the realistic visualization; subjects in group B increased their procedural knowledge by 37% after interacting with the schematic visualization. Hence, the difference in procedural knowledge gain between group A and group B was 3%, with group A being 3% higher. Table 1 reports Mean and Standard Deviation calculated for the pre and post-test scores for each group.
A 2-sample t-test was performed to determine if the difference in procedural learning gains between group A and group B was statistically significant. Results of the statistical analysis show that the difference in procedural knowledge gains between the two groups is not statistically significant (P-value= 0.32; MEAN (group A)= 23.73; STD (group A) =6.24; MEAN (group B) = 20.96; STD (group B) = 5.47):
2. Does the type of visualization (schematic versus realistic) have an effect on students' perceived helpfulness and willingness to use?
Answers to the rating questions showed differences between group A and group B (see Table 2 ).
Overall, the realistic visualization received higher ratings than the schematic one. T-tests were performed for each question to determine if the difference in ratings between group A and group B was statistically significant. For questions 1, 3, 4 and 5 the difference in ratings is not statistically significant (p-value=0.12 (Q1); p-value= 0.93 (Q3); p-value= 0.87 (Q4); p-value =0.94 (Q5)). For question 2 (The visualization helps me understand how to set up and operate the instruments properly) the difference is statistically significant (p-value=0.034).
DISCUSSION AND FUTURE WORK
The results of this study indicate that:
1. Students who used the schematic visualization were able to perform the chaining exercise with the same level of correctness, accuracy and precision as those who were exposed and interacted with the realistic one. Although there is a small difference in procedural knowledge gains between group A and group B, this difference is not statistically significant; 2. Students' subjective ratings of the perceived helpfulness of the visualizations and willingness to use were consistently high for both visualizations (>6). The only significant difference in ratings was noted for Q2--students perceived the realistic visualization as being more effective for learning how to set up and operate the required instruments. This difference is in line with prior research suggesting that realistic visualizations might especially be helpful for learning, if the learning objective requires interacting with concrete objects in real-world settings (Betrancourt & Tversky, 2000) .
The results of the comparative study on learning efficacy contradict the findings of prior studies that suggested that a higher degree of realism might be especially beneficial when procedural knowledge is to be acquired (Höf-fler & Leutner, 2007; Arnold & Dwyer, 1975) . In the case of learning the surveying practice of chaining, the degree of realism did not have an effect on students' performance. Hence, the intuition that perceiving and acting in a virtual environment that is designed to simulate reality as closely as possible will provide a better learning experience through facilitating the transfer of the experience to the physical world proved to be incorrect. However, we believe that the results of the study might have been affected by two factors: (a) the level of complexity of the learning objective, and (b) the educational context.
Chaining is a fairly simple exercise that does not require the use of highly sophisticated instruments or complex procedures. Hence, a schematic representation of the instruments and procedures that does not show a high level of fidelity with the world referents might be sufficient for transferring the acquired knowledge to the real world. In future work we will extend the comparative studies to more complex surveying practices and will explore whether there is an interaction between the level of complexity of the learning objective and the degree of realism of the visualization. In our study, the visualizations were used as supplementary materials to traditional lecture and laboratory demonstration during which the students were shown the physical instruments and were given a demonstration of the procedures. In future work we will explore whether there is a correlation between the educational setting (e.g. visualization as supplementary learning material versus visualization as the only learning tool) and the degree of realism of the visualization. In other words, it could be possible that a highly realistic visualization illustrating a surveying practice is superior when the visualization is the only learning material available to the students, whereas a schematic visualization might prove as or more effective when the visualization is used as a supplementary instructional tool.
The relatively small sample size was another limitation of the study. In order to build stronger evidence, additional studies with larger pools of participants and in different settings will need to be conducted in the future. We also acknowledge that different people learn in different fashions and that their education should be tailored to the way they learn the best. For instance, it could it be possible that some people learn best with schematics whereas others learn best with more realistic visualizations. Learning efficacy may also vary with levels of the learners' motivation and learning abilities, e.g., when learner maturity or motivation level is low, more visual detail may be helpful. We plan to conduct further studies with different populations in order to investigate the effect of the degree of realism of the visualization on different types of learners. Lastly, the quality of the graphics could have affected the results of the study. Hence, another future work may be to measure the effects of the quality of the graphical visualizations (based on learners' rating or more objective criteria) on students' learning of surveying.
In summary, despite the aforementioned limitations, the work reported in the paper allows us to make the following generalizations:
(1) students perceive visualizations as useful supplementary instructional tools for learning surveying; and (2) when the learning objective is to acquire procedural knowledge of lowcomplexity surveying practices, the degree of realism of the visualization does not have an effect on students' performance.
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